Introduction
by considering the minimized excess commute from a "transportation problem" perspective. Following these metrics do prove meaningful for analyzing trends over time.
In order to address the research hypotheses as defined above, the paper is structured as follows. First, a 126 concise literature review on excess commuting and jobs-housing balance is presented in Section 2. Section 3 127 describes the Social Security data (ONSS: Office National de Sécurité Sociale) and the 2001 Census data 128 used in this study and is followed by a discussion of the methodology in Section 4. Subsequently, the main 129 research results are reported in Section 5 and are discussed in Section 6. Finally, Section 7 summarizes the 130 main conclusions of this study.
131
In the remainder of this paper, we distinguish between the MCD at the origin (i.e., zones viewed as 132 residential areas) and at the destination (i.e., zones viewed as working areas). We make a similar distinction 133 with respect to the ER. Therefore, the corresponding MCD and ER measures are respectively abbreviated 134 as MCDo and MCDd, and as ERo and ERd. jobs-housing balance at the regional scale. That study revealed that policies specifically dedicated to the 141 geographical relocation of workers have a higher impact than those that act directly on job locations to 142 mitigate the average minimum commute. Based on these findings, the authors considered several planning 143 scenarios in which specific levels of residential and job growth in particular areas were favored to decrease 144 commuting. Furthermore, they emphasized that minor reallocations of workers could contribute to a sig-145 nificant decrease in the average minimum commute. However, the framework presented by Horner and
146
Murray (2003) does not account for the differences between job types, as the authors assumed complete 147 interchangeability of workers. Moreover, the control of spatial correlations and the jobs-housing balance 148 could also mitigate commuting distances (Suzuki and Lee, 2012) .
149
In the context of a bi-level analysis at both micro-and macroscales, Buliung and Kanaroglou (2002) 150 have indicated that at the microscale, gender and household composition affect commuting distances. In 151 view of this effect, the distributions of job locations and workers are not necessarily sufficient to explain the on certain assumptions. Aspects related to wealth may also contribute to growing commuting distances.
Indeed, for lower-income and lower-skilled individuals, jobs-housing proximity matters as they tend to be 156 constrained by the daily commuting costs (McLafferty, 1997) . Their job search area is smaller as they 157 generally face spatial barriers to employment. In contrast, higher-income and higher-skilled individuals can 158 afford to travel larger distances as other factors, such as individual preferences in terms of employment and 159 housing, get more important (Kneebone and Holmes, 2015).
160
Besides, older female workers and female workers with young children are more reluctant to accept 161 jobs that are remote from their residential locations (Rouwendal, 1999) . In addition, mothers with young 162 children generally prefer to work part-time so that they can use more time for private purposes. Additionally, 163 the location choices of employers within a given area are also important to ensure that their job openings are 164 filled in an acceptable period of time (Rouwendal, 1999) . In this context, the spatial aspects of the locations 165 of jobs with respect to workers appear to play an important role.
166
Furthermore, multiple factors can be involved in the decision-making process regarding occupational 167 and residential locations, e.g., the gender of the decision-maker and the household income (Niedzielski, His findings revealed that the excess commute for users of private transport is higher than that for users of 184 other modes.
185
Additionally, Buliung and Kanaroglou (2002) outlined the importance of paying attention to potential transferability. Indeed, it is difficult to confirm that the findings for one area are also true for other geograph-187 ical areas. Suzuki and Lee (2012) confirmed the previous statements. One must take care when comparing 188 the efficiency of urban structures for different cities. In this regard, excess commute and capacity utilization 189 should be considered simultaneously to assess the efficiency of the urban structure of an area.
190
The measurement of commute metrics can be associated with potential uncertainties. In this regard, 
196
The metrics used to study commuting efficiency and the jobs-housing balance can be affected, some- ing of the excess commute issue. Specifically, he first determined the commuting capacity of a city and 229 then estimated the extent to which the "available" commute capacity was consumed by the observed one.
230
The results of that study suggest some differences between the excess commute and the consumed potential of great importance in order to quantify phenomena such as those described above. In the current paper, a 245 particular attention will be paid to such data consistency issues.
246
In summary, we could consider MCD as a metric that quantifies spatial proximity between the job 247 market and the housing stock. ER should be considered a metric that quantifies commuting efficiency 248 in relation to the underlying spatial structure. Both metrics prove useful in developing regional planning 249 policy, as they identify regions with oversupply of housing, undersupply of jobs, and overconsumption of 250 transport. In practice, however, comparison of regions in terms of excess commuting metrics often not that 251 straightforward due to a lack of standardization in terms of data collection and spatial aggregation of data. is partially biased by the fact that it does not record independent workers or those working abroad, since 263 such employees depend on other social security services. Therefore, in addition to assessing trends, the 264 current research briefly addresses the effects of variety in scales, institutional borders (especially the bor-265 der with Luxembourg), and data sources on the MCD and ER metrics obtained. Furthermore, it should be 266 emphasized that at present, Social Security data in Belgium are only available at the municipal scale level.
267
Besides, the practice of allocating each job to just one municipality should be treated with some caution 268 because for some limited number of enterprises, information about employment may not be available at the 269 fine-grain level of enterprise sites but may rather be aggregated at the scale of the entire company. In such 270 cases, the connection between jobs and destinations is based on estimates. However, the overall effect of 271 this replacement procedure is negligible. the resulting values are 11 to 15% larger than the solutions generated by classical programs (e.g., lpsolve), this method performs better in terms of local optimization (Boussauw et al., 2011).
278
In this study, the data are aggregated into municipalities, which serve as traffic analysis zones (TAZ). In our analysis, the physical distance d ij between two zones is defined as the distance between their 286 respective centroids. Thus, the shortest paths between all pairs of centroids in the network are computed 287 using as-the-crow-flies distances. Hence, an OD distance matrix c ij is obtained, in which both the rows i 
296
In addition to a static analysis, this paper also presents an assessment of the spatio-temporal dependency 297 of changes in the MCD. To this end, we investigate whether zones in which the jobs-housing proximity was 
General trend between 1991 and 2010

309
To obtain preliminary insight into the evolution of the jobs-housing proximity patterns in Belgium and 310 its three regions, Table 1 6.8 7.4 10.9 MCD at origin 9.8 10.1 10.9 11.3 12 13.2 9.9 10.1 10.8 3.9 3.9 3.9 MCD at destination 6.9 7.1 7.6 6.4 6.5 6.5 6.4 6.6 6.9 12.1 13.8 16.6 ER at origin 1.7 1.9 2.7 1.7 2 2.8 1.7 1.9 2.7 1.8 2 2.9 which is also reflected in the growing ERo values. This suggests that people are traveling ever longer 324 distances for their jobs, although the jobs-housing proximity has decreased only slightly (see also Figure 1 ). Belgium we can to a certain extent talk about "peak car", which in the actual commute is reflected as a ten-328 dency towards stabilization. The inconsistency between our findings and the aforementioned survey results
329
may be partly due to data issues, which will be discussed further. The MCDo increased by 3.0% between 
Transition patterns between the three time periods
336
To assess the stability of MCD and ER, the differences between the two time frames are tabulated.
337
In particular, 
Border effects 369
The results do not reveal the presence of any major border or language border effects within the country patterns show more important heterogeneity, perhaps reflecting local particularities of the spatial structure.
396
A finer scale allows better localization of the zones where ERo is high; however, the main conclusions are 397 not impacted. It can be observed from Table 4 that the MCDo and MCDd are estimated to be 8.6% and 398 24.6% higher, respectively, when calculated at the level of the current municipalities in comparison to the 399 calculation at the level of the former municipalities. By contrast, the ERo decreases by 9.5% when a more 400 highly aggregated scale is adopted.
401
Besides, the effects of MAUP on the calculated actual distances, MCDo and ERo are considerable. 
421
Based on our analysis, we can respond to the stated research hypotheses as follows:
422
• In each of the three regions of Belgium, the average actual commuting distance increases over both believe that congestion levels may affect commuting distance growth rates.
427
• In Flanders and Wallonia, minimum commuting distance (MCD) too was growing during almost 428 all of the periods studied. In Brussels, this is also the case with regards to the incoming commute to an ever increasing concentration of jobs in the capital region.
438
• While origin-destination matrices are meant to map home-work relations in a standardized way, the 
